Executive Function, Adolescent Development and Mathematical Competence: Importance of Quantitative and Qualitative Analysis in Educational Psychology  by Valiente-Barroso, Carlos & García-García, Emilio
 Procedia - Social and Behavioral Sciences  69 ( 2012 )  2193 – 2200 
1877-0428 © 2012 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of Dr. Zafer Bekirogullari of Cognitive – Counselling, Research & Conference 
Services C-crcs.
doi: 10.1016/j.sbspro.2012.12.185 
 
 
* Corresponding author. Tel.: 0034 629 412 912. 
E-mail address:carlosvbsiete@hotmailcom. 
 
International Conference on Education and Educational Psychology (ICEEPSY 2012) 
Executive function, adolescent development and mathematical 
competence: importance of quantitative and qualitative analysis in 
educational psychology 
Carlos Valiente-Barrosoa*, Emilio García-Garcíaa 
a,b Department Basic Psychology (Cognitive Processes), Faculty of Psychology, Complutense University of Madrid, Spain 
 
Abstract 
Executive cognitive functioning develops late during adolescence, being considered as basis for early mathematical learning. Our 
work studies the possible relationship between aptitude in some executive functions with respect to mathematical academic 
performance and the age of the students, through neuropsychological tests. The quantitative results showed a direct relationship 
between age and work memory recall, alternating attention, cognitive flexibility and processing speed, being more discrete about 
mathematical performance. The conclusion based on our results calls for the inclusion of qualitative interpretation of the data, by 
considering both, intra-subject variables, as those linked to the educational context. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  Dr. Zafer Bekirogullari of  Cognitive – Counselling, 
Research & Conference Services C-crcs. 
Keywords: Adolescent Development, Cognitive Function, Educational Psychology, Executive Functions, Mathematical Competence. 
1. Introduction 
 
The importance attached to mathematical competence is manifest by the curricular weighting explicitly shown by 
curricula of the various academic levels, by school weighting, calculated in hours of teaching, which is given for this 
subject. Along with this, it is worth noting the various research developed by educational psychology, focused on 
competence and mathematical ability in order to identify those cognitive functions that are the bases for better 
performance therein. 
Research has identified significant differences among children’s math performance (Anderson, 2008). Children's 
performance in mathematics and reading achievement in schools is influenced by a number of contributing factors. 
Higher level achievement will depend to some extent on the basic skills that feed into more complex reading and 
mathematical abilities. Tymms (1999) referred to these as “general developed abilities”. Although the differences 
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are attributed to intelligence, this can only explain 9-25% of the variance in children’s math achievement (Resing, 
Ruijssenaars, & Bosma, 2002). Recent studies indicate that other domain-general cognitive abilities, more 
specifically working memory (Kyttala, & Lehto, 2008), may provide better explanations for variability in early math 
learning (Bull, Espy, & Wiebe, 2008; Kroesbergen, Van de Rijt, & Van Luit, 2007; Lee, Ng, & Ng, 2009). 
Although there are several models of cognition, Baddeley’s multicomponent model has often been used to 
explore the role of cognitive processing in mathematical achievement (Swanson, Jerman, & Zheng, 2008). In this 
cognitive model, working memory (WM) has been described as an active information processor responsible for 
storing and processing information for a short time (Baddeley, 1997). WM is a limited-capacity central executive 
system that interacts with a set of two passive store systems used for temporary storage of different classes of 
information: the speech-based phonological loop and the visual sketchpad. The phonological loop is responsible for 
the temporary storage of verbal information; items are held within a phonological store of limited duration, and the 
items are maintained within the store via the process of articulation. The visual sketchpad is responsible for the 
storage of visual-spatial information over brief periods and plays a key role in the generation and manipulation of 
mental images. Both storage systems are in direct contact with the central executive system. The central executive 
system is considered to be primarily responsible for coordinating activity within the cognitive system, but it also 
devotes some of its resources to increasing the amount of information that can be held in the two subsystems 
(Baddeley & Logie, 1999).  
Although there are some studies that consider the importance of phonogical loop (e.g.,Logie, Gilhooly, &Wynn, 
1994; Rasmussen & Bisanz, 2005) and visual-spatial sketchpad (e.g., Dehaene, 1992; Holmes & Adams, 2006), in 
relation to mathematical skills, there is a wide scientific consensus that emphasises the singular relevance that the 
executive component of WM carries out such mathematical competence (e.g., Bull, Johnston, & Roy, 1999; 
Swanson, 2006; Navarro, Aguilar, Alcalde, Ruiz, Marchena, & Menacho, 2011). Based on this executive side, the 
relevance of functions such as the inhibitory capacity or cognitive flexibility have been a subject of study.  
Brain executive functioning refers to more sophisticated and evolved cognitive capacities, and likewise, related to 
emotional and behavioural control, which phylogenetically appear late; in turn, they involve late ontogenetic 
maturing of other cognitive functions (Sowell, 2001). These capabilities are predominantly associated with the 
frontal lobe, maturing in correlation with age during the development of childhood, adolescence and the first stage 
of the young adult (Diamond, 2002). It is essential to know and consider the importance of these cognitive 
functions, with its implied diachronic expression in order to optimize schedules, assessments and interventions in 
the field of education (Valiente-Barroso, 2011). 
Our study intends to investigate some covered cognitive brain executive functioning processes within the 
educational context of our adolescent students. Specifically, it will attempt to confirm two working hypotheses. 
Thus, on the one hand, based on the late maturing of the executive functions of the adolescent, we intend to study a 
possible direct link between their performance and the age of the students, regardless of their academic degree; on 
the other hand, given that mathematical competence is based on sophisticated cognitive processes, some of which 
are classified as cognitive functions (solving problems, abstract reasoning, memory recall of work, etc), we would 
postulate a correlation between the level of implementation of some of these cognitive functions and the results in 
the subject of mathematics reflected in academic scores.  
 
2. Methods 
 
2.1. Participants 
 
The experimental sample used in our research includes the totality of the Obligatory Secondary Education 
students enrolled at Antares School (Reinosa, Cantabria), which is located in a small industrial and tourist town in 
the North of Spain. This institution of non-confessional and private ownership is an educational centre with reduced 
ratio between the student/teacher, therefore offering more direct and personalised tuition with the aim to provide 
better follow-up and control of the students.  
Inclusion criteria included:  
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- being enrolled in Secondary Education studies in such educational centre; 
- having official results from Mathematics as well as;  
- explicit acceptance of taking part in such research both from students and their fathers as well as from 
tutors and the school management team.  
Exclusion criteria included:  
- presence of current neurological pathologies (with likely repercussion in cognitive performance) or 
past neurological pathologies (with potential to affect neurodevelopment and cognitive capacity);  
- insufficient command of the Spanish language; 
- absent from class in the date chosen for the development of the research. 
According to these criteria, four students were not allowed to participate based on two clinical histories (suffering 
from meningitis during childhood and Asperger´s syndrome diagnosis, respectively), and also based on our 
observations of the two other students during testing (lack of motivation to conduct the study and deficient 
knowledge of the Spanish of a Croatian immigrant, respectively).  As a result, the final sample was composed of 41 
students (male: 24, female: 17), with an estimated age in months, which showed an average of 164 months (SD: 
18.62; Range: 138-206). 
 
2.2. Instruments 
 
With the aim to analyse some of the most well-known executive functions, the samples chosen, which at the 
same time present the capacity to assess such functions, adapt to factors typical of study developed in the 
educational context (e.g. time  limitations and physical space limitations in the classroom). Thus, the functions 
chosen for analysis were associated to attention capacity (selective, alternating, inhibition of the interference), as 
well as working memory and cognitive flexibility. The samples selected were: 
− Stroop Color and Word Test: created by JR. Stroop, in the 30´s last century, which is usually 
administered in Spain under Golden´s version (1994). Specially designed to assess cognitive processes 
linked to the executive function (Reeve & Schandler, 2001), it outstands sensitivity to assess 
parametres typical of attention capacity and it represents one of the most well-known procedures to 
examine the effect of interference (Perea-Bartolomé & Ardila, 2005). It also emphasises, among 
others, his sensitivity to assess cognitive flexibility (Fisher, Freed & Corkin, 1990). The difficulties 
involved in the test often show up in numerous brain injuries, especially in the front lobe, therefore it is 
considered to be one of the tests with older tradition in the neuropsychological assessment of such 
brain side (Golden, 1994). It consists of the consecutive presentation of three plates, asking to read the 
names of the colours written in black ink (1st part = P), the subsequent naming the print colour of some 
'X' letters (2nd part = C), concluding with naming the print colour of words which do not match 
semantically with their print colour, ignoring their verbal content (3rd part = PC). The subject is 
instructed to conduct it as quickly as possible, the number of words read during 60 seconds is counted; 
errors are not counted in and on themselves, but the subject, being forced to correct for each error, the 
failure penalty will be reflected in the final resulting time. 
- Trail Making Test (TMT): the TMT tracing test is a subtest of the Halstead-Reitan Neuropsychological 
Battery. It is believed to be a test that assesses cognitive flexibility, inhibitory control, attention speed 
and sequencing (Reitan et al., 1985). As evidence used in the rating of the executive functioning, some 
authors suggest a direct involvement of frontal affectation expressed through errors in its 
implementation (Stuss et al., 2001). It consists of two tests that are applied consecutively. Part A is 
executed connecting 25 numbers distributed randomly on a sheet by using lines consecutively. For its 
part, part B, consists of a connection, which follows the same logic, linking alternating numbers and 
letters. Both parts have a previous trial before they are executed. The score is expressed by the time 
required for each of the parts, without accounting for errors, penalizing them by the time spent as a 
parameter which assesses performance. 
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- Letters and Numbers Test:  this test is actually a un subtest of the Wechsler Adult Intelligence Scale 
(WAIS), considered a benchmark in the assessment of intelligence from its different dimensions, 
widely used in neuropsychological assessment. This subtest assesses along with short-term auditory 
memory, sequencing and working memory. In this test the participant listens to lists of numbers and 
letters mixed in a random fashion. The order of presentation progressively includes a greater number of 
items and the patients are requested to repeat the numbers first in ascending order and afterwards the 
letters in alphabetical order. (Wechsler, 1955). 
 
2.3. Procedure 
 
Firstly, after designing the research through its objectives and steps to develop, it was presented to the school 
management team and respective faculty in order to obtain their acceptance to participate. Then, with the official 
consent of the Centre, we proceeded to consult with parents and students. 
Once the aforementioned steps were completed, we proceeded to evaluate students, individually, through the 
above mentioned cognitive tests in two session listed in their instructional school schedule. From the application 
protocol that we designed, the tests were conducted in a specific order, defined by the Stroop-TMT- Letters and 
Numbers sequence. 
Subsequently, and after correcting various tests, we gathered the students' academic information, relevant to our 
study. In this way, we collected the math scores obtained by each student in the first two assessments of the current 
course - those undertaken up to the date of our study, using the arithmetic mean of the two calls. These data were 
used for statistical processing of the data, working with descriptive analyses (central tendency measures), partial 
correlations and T test for independent samples.  
Finally, along with the data's interpretation, and its resulting conclusions, a qualitative interpretation was 
performed, in order to enrich the results through consideration of idiosyncratic factors linked both to the students 
and to the centre itself. 
 
3. Results 
 
Descriptive statistics associated with specific quantification, including in the various tests used are collected in 
Table1. 
 
Table 1. Descriptive statistical figures from results in neuropsychological tests. 
 
      Tests                                                          M                  SD               Range (Max/Min) 
Reading of Words                                        134.09            15.45                168/103 
Reading of Colours                                       87.34            11.58                108/64 
Words and Colours                                       54.00            10.46                  72/34 
Interference                                                     1.48              6.94                18.70/-12.31 
TMT-A                                                          32.19             8.79                   50/18 
TMT-B                                                          76.95            24.02                 138/39 
Letters and Numbers (WAIS)                         8.26              2.28                   12/3 
Mathematics Results                                       5.39               2.42                  10/1 
 
 
Aiming to analyse the existing relationship between age and effectiveness in executive functioning of the pupils, 
we analysed the data using the Pearson correlation. The results are shown in Table 2.  
Its initial assessment shows a direct relationship between the specific results amongst the different tests, which 
are sensitive to the executive function. In this way, an internal consistency is evident in the performance of the 
participants, through the tests used, that they have been directed to assess the same functions (processing speed, 
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memory recall, cognitive flexibility, etc.). On the other hand, as regards the search for greater functional efficiency 
in these tests, increased with age, the results attest to its correlation with respect to the letters and numbers test (r = 
.380, p < .05). In addition, this is also observed in relation to subtest A of the TMT (r = -.350, p < .05), being this a 
reverse correlation, consistent with our hypothesis, given that the results in this subtest appear quantified in 
completion time, and therefore, the greater this is the more deficient is the retrieved functional performance. 
 
 
Table 2. Correlation between results in tests and the age of students. 
 
                                 1                 2               3               4               5               6                7               8 
1. Age                    1.00                    
2. RW                  -.120           1.00        
3. RC                    .005            .438**        1.00 
4. W-C                  .153            .427**        .795**       1.00 
5. ITF                    .261            .034            .431**      .855**         1.00 
6. TMT-A            -.350*         -.131          -.436**     -.484**       -.393*       1.00 
7. TMT-B             .048            -.229          -.238         -.386*         -.362*     .548**         1.00 
8. L/N                   .380**         .384*          .486**      .485**        .301       -.525**      -4.60**       1.00 
* Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.  
Note: RW: Reading of Words: RC: Reading of Colours; W-C: Words and Colours; ITF: Interference; L/N: Letters and Numbers. 
 
Subsequently, as a preliminary approach to the possible relation between the existing executive and mathematical 
functions, we use sample T for independent samples, by means of groups defined by the sex variable. The number of 
men increased to 24, whereas the number of women was 17. The results from each groups were the following (M: 
Mean; SD: Standard Desviation). As for the men’s group: Reading of Words (M = 131.91; SD = 16.46), Reading of 
Colours (M = 87.45; SD = 11.02), Words and Colours (M = 54.79; SD = 9.64), Interference (M = 2.45; SD = 6.57), 
TMT-A (M = 31.95; SD = 8.33), TMT-B (M = 77.87; SD = 23.63), Letters and Numbers (M = 8.75; SD = 2.30), 
and Mathematics results (M = 5.29; SD = 2.88). As for the women’s group: Reading of Words (F = 137.17; SD = 
13.80), Reading of Colours (M = 87.17; SD = 12.67), Words and Colours (M = 52.88; SD = 11.75), Interference (M 
= .12; SD = 7.42), TMT-A (M = 32.53; SD = 9.66), TMT-B (M = 75.64; SD = 25.23), Letter and Numbers (M = 
7.58; SD = 2.12), and Mathematics results (M = 5.52; SD = 1.66). Afterwards, we carried out the contrast between 
these average results along with the Levene test to equal variances observing the inexistence of data with significant 
statistical value (table 3).  
 
Table 3. Relation between results in Mathematics (MatCal) and executive performance by means of sex bias 
(Average contrast by means of T for independent samples). 
 
                                      Levene                                                                         T  
                                  F                 p                                t             p         Mean Dif.           Top         Bottom 
MatCal                   7.600           .009                         -.333       .741         -.237               -1.681         1.206 
WD                         1.592           .214                        -1.075      .289        -5.259           -15.152          4.633 
CD                          1.189           .282                           .076      .940         .281                -7.239          7.803 
ID                           1.938           .172                           .570       .572        1.909              -4.860           8.679 
IP                            1.563           .219                         1.060      .296         2.330              -2,116          6.778 
TMT-A                   1.188           .282                         -.202       .841        -.571               -6.281          5.139 
TMT-B                     .456           .503                           .289       .774        2.227             -13.356        17.812 
L/N                           .137           .713                          1.641      .109        1.161               -.270            2.594 
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Finally, we carry out a analysis of the correlation between mathematical competence and executive function, 
through quantitative data from academic scores in mathematics and the tests results. Given that this is a numerical 
score linked to every shool year, the curricular contents or their respective scoring criteria not matching amongst the 
courses, we considered inappropriate to equate this variable indiscriminately without highliting specifically the 
results retrieved in each of these courses. Accordingly, we performed four correlations, one for each of the courses, 
through which we analised the aforementioned relationship between mathematical scores and executive functioning 
as methodologically comparable factors. Relevant results were found after analysing these results, only in the first 
year of Obligatory Secondary Education. These corresponded to the correlation between Mathematics results and 
execution in TMT-A (r = -.70; p < .05), as well as between that and TMT-B (r = -.86; p < .01). As we previously 
stated, this negative correlation, expresses a more optimum performance in the cited TMT subtests. Later, wishing to 
refine the value o this correlation, we carried out partial correlation where the "age" variable had been controlled. 
Thus, the results in TMT-A (r = -.73; p = .03) and TMT-B (r = -.86; p = .006), that is, controlling the possible effect 
of age in the participants, show better results in these tests in comparison to those obtained from students in 
Mathematics results.  
 
4. Conclusions 
 
Our study took on the dual objective of seeking a direct relationship between the performance shown in several 
executive functions and the increasing age of a sample of adolescent students, as well as on the other hand, with 
regard to the mathematical academic competence of these students. Findings in relation to the first hypothesis show 
an increase in executive function in parallel with the age ease, embodied in capacities such as work memory recall, 
processing speed and cognitive flexibility. This result is consistent with multiple studies that had previously had 
demonstrated the boost of various executive functions during human ontogenetic development (e.g., Sowell, 2001; 
Diamond, 2002).  
As for the second hypothesis, our results do not seem so consistent, but in respect to the Obligatory Secondary 
Education group of students, correlation between the academic performance in Mathematics and better execution 
were stated, once again, in relation with working memory, alternating attention, cognitive flexibility and processing 
speed. These results are basically coherent with those collected by various works in relation to the importance of the 
WM for Mathematics performance (e.g., Bull, Johnston, & Roy, 1999; Swanson, 2006), as well as, more 
specifically, with those referred to phonogical loop (e.g.,Logie, Gilhooly, &Wynn, 1994; Rasmussen & Bisanz, 
2005), processing speed (e.g., Swanson, 2006) y cognitive flexibility (e.g., Bull, Espy, & Wiebe, 2008). 
To formulate our conclusions, we wanted to develop also with a qualitative data interpretation, which without 
adhering to exclusively psychometric data-based assessments complements the previous quantitative interpretation 
of the study.  This objective has been facilitated by the fact that our study is carried out in a single centre, which in 
turn, promotes more personalised education based on retaining a limited number of students. Thus, with respect to 
the result that we placed us in a correlation between age and some executive functions, we have internal 
contributions from the centre related to a part of students which make us suspect that the correlation might have 
been greater. As an example, we know that in the last ESO course, there are several repeating students, which 
naturally are older than the rest of classroom peers. Additionally, it is a significant number, reaching up to 70% of 
the course. Regarding  these students, by implementing a battery to assess either their general intelligence or their 
motivation level, we could suspect the existence of a lower IQ corresponding to their age. In fact, this data was 
confirmed by information from teachers at the centre. As we know, some studies claim a direct relationship between 
IQ and performance in executive functions (Detterman, 1982; Obonsawin, Crawford, Page, Chalmers, Cochrane, & 
Low, 2002), and therefore, the situation existing in this particular classroom has been able to mitigate the correlation 
we discovered for our first hypothesis. Despite everything, given that these students are older than some of their 
classmates, they showed executive functions performance comparable to them, due to ontogenetic maturation, 
characteristic of neurodevelopment. This data is of considerable importance for the interpretation of our second 
hypothesis, because it hampers that there is a clear correlation between executive functioning and mathematical 
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scores. Further analysis of our second hypothesis, which as we recall, related executive functioning to mathematical 
competence, would require mentioning in particular that this variable alludes not so much to a sensu stricto aptitude 
or mathematical ability, but to academic performance for this school subject. Thus the scores obtained by the 
students, according to school evaluation criteria of the corresponding teacher is also based on behaviour in the 
classroom, on the level of effort, as well as other factors identified in students beyond their mathematical ability. 
Furthermore, the fact that there is a different teacher each year makes objectification of the scores difficult when 
comparing these results amongst the courses. Delving into our qualitative approach, it has been detected that 
teaching a particular course on the subject of mathematics shows low levels of empathy in relation to its students, 
and can influence both the evaluation of results displayed in ratings, insofar as attitudinal and behavioural-type 
variables are considered, as well as the very involvement of students in this course. Again, these data that better 
describe the idiosyncrasies of our experimental sample mitigate a possible greater effect towards our hypothesis.  
For our part, we deem appropriate to optimize this study through a more experimental sample, several courses 
and different profile centres. In turn, it would be appropriate to include a specific test assessing mathematical 
competence regardless of the performance shown in academic scores, as well as an intelligence test and 
questionnaires analysing the emotional and motivational situation in those students. At the same time, any 
information characterising more specifically the participants would be relevant, including data relating to personal 
health, family context and with more emphasis on these ages with respect to their social interaction or peer group 
context. In conclusion, as we weigh the essential quantitative analyses, we also postulate the need for qualitative 
interpretation based on those variables which are not detectable from a merely psychometric approach, as an 
element included and pursued in our work. 
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